A plane-strain compression test was used to investigate the work-hardening of aluminum crystals deforming by multiple slip. Shear stress-strain curves were constructed from the compression data with an analysis of Bishop and Hill. The curves fall in a narrow band, indicating that, under conditions of multiple slip, the basic shear stress for slip depends primarily on the amount of prior slip, and that the combination of active slip systems is of much less importance.
INTRODUCTION
In 1938 Taylor (1, 2) analyzed the deformation of a randomly oriented f.c.c. polycrystal and related the shape of the tensile stress-strain curve for a polycrystal to that of the shear stress-strain curve of a single crystal of the same material. Later Bishop and Hi11(3, 4) developed a simpler analysis on somewhat firmer grounds, leading to the same results. Recently these analyses have been extended to crystallographically textured metals, forming the basis for texture hardening predictions.@) It is therefore important that the limitations of the underlying theory be examined.
in view of the fact that in tension tests, some orientations of single crystals undergo extensive easy glide, while other orientations exhibit little or no glide.
However, since the grains in a polycrystalline sample must deform by the simultaneous operation of five or more slip systems, this assumption need hold only for such conditions of multiple slip.
One of the critical assumptions in these works is that when a crystal deforms by slip on many slip systems, the shear stress necessary t'o continue slip is the same for all slip systems and depends only on the total shear strain on all of the slip systems. This assumption implies that the shear stress-strain (T versus y) curves are identical for all orientations of crystals. Certainly this assumption appears unrealistic Traditionally, studies of single crystal deformation have been largely limited to uniaxial tension or compression testing. Only when the stress axis is aligned with [ill] or [OOl] can more than two slip systems be activated simultaneously. Kocks(6) 
where ho was the initial thickness (~0.125 in.) at that location.
For each indentation the true compressive stress was taken to be
Where P was the indentation load, w, the crystal width (H in.), and t, the indentor width (Q in.).
Laue back-reflection photographs were taken on many of the indentations to determine the lattice rotation during the plane-strain compression.
ANALYSIS OF STRESS-STRAIN DATA
True compressive stress-strain curves are shown in 
Combining (4) and (5) and
For a given shape change, the external strains, dg, d&z, d&p,> dr,, and dez,, are fixed relative to de,. Ideally for plane-strain, de, = -dez, d&V = 0 and Cteyz = de,, = de,, = 0. For a particular crystal orientation, the angles between the cubic crystal axes 1, 2 and 3 are known relative to the specimen axes 2, y and x, and the stresses ma.y therefore be expressed relative to the 1, 2, 3 axes. Then, M may be expressed as A substitution of simplifies equation (7) to
Bishop and Hill t3) showed that only certain combinations of values for A through H result in stress states which can activate five or more slip systems. These are shown in Table 2 , together with the slip systems activated.
(The axis and slip system designations are described in Fig. 3 .) According to the principle of maximum virtual work, the appropriate combination of A through H in equation (8) is the one th.at results in the largest value of M.
The M values calculated in this way are listed in Table 3 , together with the Bishop and Hill stress states and active slip systems.
For several orientations two stress stat'es lead to the same maximum M.
In these cases the active slip systems are those common to both st'ress states. determine whether plane-strain conditions did prevail Lateral spreading along 9 was greatest in crystal 4, (li0) [llO] , where the average lateral strain, E,, was estima~d to be about 20% of the compressive strain, es. In all other crystals, sS amounted to considerably less than 10% of E,. The relatively large spreading in the (1iO) [llO] orientation is explained by the high constraining stress, 0, = 2/G-, necessary to maintain zero spreading. At the ends of the indent,ation G, must vanish. Here the lack of constraint lowers M from 21/ to V% locally. Examination of the indentations also revealed macroscopic shearing of some crystals. In fact, the testing techniques, employed here, does not insure that ayz, E,, and eW be zero as assumed. For some crystals the symmetry of the orientation prevented macroscopic shears. Where shearing was observed, the orientation lacked such symmetry and a simple analysis indicated that the imposed shape change could be accommodated with less slip (lower M) if macroscopic shearing did occur. For these orientations the M vahres were calculated and the active slip systems determined for the relaxed strain conditions. These latter values, indicated with an asterisk in Table 3 , were used in the data analysis. 
